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(iterative calculation using ICCG)
Solving pressure Poisson equation
of time step
increment
Input of calculation parameters
input of configuration of particles
explicit calculation of source terms
calculation of particle motion (convection)
modification of particle motion
Calculation of pressure gradient terms and
check of termination
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Convex Hull
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SsidH¤eGXZF(]SViWH b MOY{½MO  4 # 
 ySsMOY)©ªH(ZH.U¤U^CSVU¤UWCRHKU©ÀX;F(HUWCRX b `"QTX4X M SVQTM"MsH_SsY b UWCSVU¤U^CEH nfnfm\F(HU^CEX b eGXZ]EMTH`"UWCRHK¡YRM¢U^H
HGQOHGF(HGYyUÀF(HU^CEX b  B-CRH-|sSVQTPRHXs£U^CEH b MO®tHGidHGYReHf~£HU©ÀHGHY UWCRH-U©ªXF(HU^CEX b `XZi¾UWCRMO`eSs`dHlSsY b SV]R]RQOMTYR
ÜNMÛÜß
 
	
 	"!#$ &%('*)!+,-!	.)/1023%  #y
cubo_tri1_pn.desc
½MTsPRiWH 4 I3O¶LNPR]R]£XZidUXZi»UWCRHnln\mÀF(HUWCRX b
½MTZPEiWH 4 ,O¶L4¯4PRSsiWH b iWH.¡YRH b F(HG`dC  nfPRF~tHifXsYRX b HG`"ZGI¥N«RY¥PRF~tHifXsHGQOHGF(HY¥UW`qssxy 
Û,Û ÌY,Z\[\][
# #   !+   
	 N)
cubo_tri2_ef.desc
cubo_tri2_pn.desc
cubo_tri2_ef
0 5 10 15 20
0
0.5
1
1.5
2
2.5
3
3.5
4
4.5
5
5.5
6
6.5
7
7.5
8
cubo_tri2_pn
½MTZPEiWH 4 #3O³L4XZQTPNU^MOXZYR`XZi»U^CRH"`d¯4PRSsiWH"PR`dMTYR S+U^iWMTSsYRsPRQSaU^H b idH¡YRH b F(HG`dC  TªXZF(]Ssi^SViWMO`WXZY 
U^CRH"YRXsiWF b H.¡YRH b Ss~£X}|ZH"MT` 2 2 , +2 2 2 2 , 2 2    ( . .
    °kxZxyµ
 `»©ÀH¤eSsY	`dHGH¤MOYU^CRMO`-eSV`WHs«NU^CRH¤`dXZQTPNU^MOXZYR` b M¢®¹Hi-SK~RM¢U-F(XZiWHlYRX}©"«R~RPEU-UWCRMT`ªiWHG`dPRQ¢U-©»Ss`-H@gN]tHeU^H b SV`G«
H|sHGY	©CRHGY	©ÀHqCS|ZH"SiWH¡RYRHGF(HGYyUXZY U^CRHqeHGYyU^HiªU^CEHqY¥PRF~£HGi-Xs,YEX b H`»CSs` b HGeiWHGSs`WH b eXZF(]SsidH b U^X
U^CRHXsUWCRHGi³eGSs`WH\~RPEU¶M¢UÀMO`³`dUWMTQOQ~tH.UWUWHGiU^CSVY_UWCRH-¡iW`kUÀidHGe.UuSsYRsPRQSVi¶siWM b  B-CRMO`ÀF(HGSsYR`³U^CSVUUWCRHF(HU^CEX b `
SsiWH+eXZYy|ZHiWZMOYR	U^XS |VSsQOPRH(SsY b UWCSVU"SV`qFPReuCSs`q©ÀH+iWH.¡YRHKU^CEH+F_H`WC)U^CEH+`WXZQOPEU^MOXZYR`q©MOQOQ¾iWH`WHGF~RQOH
H|sHGYF(XZiWHV«NQOM MVHqMOY U^CRHlQSs`kU»H@gRSVF_]EQTHV«EeGXsY¥|sHGidZMTYE(UWXUWCRHlH@gRSVeU-`dXZQTPNU^MOXZY  mY UWCRMT`ÀZHGXsF_H.U^ikc ©ÀHqCS|ZH
S ©M b HGiq|VSsiWMTSVUWH b iWSsYRZHKXVªSViWHSV`lXZifUWCRHK`dPR]R]£XZidUqXsilU^CRHKnlnfm\Ss]E]RiWXgNMTF_SVUWMTXsY  m¶©ÀH+QOXNX M[SVUlU^CRH
½MO  4 % ©ªH+eGSsY§`WHGHKUWCSVU¤UWCRH+SsidHS	MTY UWCRH+eGHYyU^HGi"Xs³UWCRHKF(HG`dC «©CRHGidH_M¢Uq©ªSs`¤iWH.¡YRH b «,CSs`"SQOX©ÀHGi
|VSsQTPEHU^CSVY HGQO`d©CRHiWHV«,UWCRHGidHXZidHKF(XZiWHSseGePRi^SaU^H|VSsQOPRHG`«¹XZi\U^CRHKMOYyU^HiW]£XZQSaU^MOXZY)SsidHH.gN]£HGe.U^H b SVUfU^CRH
eGHY¥UWHGi\XsU^CRH"`W¯¥PSViWHs«©CRMOeuC{MO`\SsQO`WX_`WXZF(HUWCRMOYR Xs~¥|4MOXZPR` 
   5 %  "$#%    "  A 5& #%  %       #     #  A &  '#
G	 # 
	 "' 	 # F:;:    # 
	  " :  =E  #  
mY[UWCRH"]RiWH`WHY¥Uf`WHeUWMTXZY[©ªH`WXsQO|sHSsYHQTQOMT]NU^MOe]RidXZ~RQOHGF MOY;S(YEX V(VQTHZHGXsF_H.U^ikc 
mY;SKU©ªXa b MOF(HGYR`dMTXZYRSsQ`kU^HGS b cZ«2MOYReGXsF_]EiWHG`d`WMO~RQOHKSsY b MOiWiWXVUuSVUWMTXZYRSsQ X}©"«£S_`kU^idHSsF+PRYRe.U^MOXZY{eGSsY[~tH
b H¡RYRH b SV`ªS"F(HSs`dPRiWH\Xs¹UWCRH|ZXZQOPRF(H X}© iWSVU^HXs PRM b ~£HU©ÀHGHY	S]RSsMTi¶Xs¹`dU^idHSsF(QOMTYEHG`  L¥U^iWHGSsF(QTMOYRH`
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cubo_tri2_pn.desc
½MTsPRiWH 4 % O¶LNPR]R]£XZidUXZi»UWCRHnln\mÀF(HUWCRX b
SsiWH b H.¡YRH b ~¥cqjkXsMTYRMOYRSeXZYyU^MOY4PEXZPR`ªQOMOYRHfXV ]£XZMTYyUW`ªMOY_UWCRH RX© ¡HGQ b ~yc+XZQOQTX}©MOYRUWCRHfQOX4eSsQR|sHGQOXNeMOUc
|ZHeU^Xsi 
L¥U^iWHGSsF(QTMOYRH`¤CS|ZH(S eXZYR`dU^SsYyU¤|VSsQTPEHKXs³`dUWiWHGSsF+PRYReUWMTXsY`dMTYEeGHs«~yc[U^CRHMTi b H¡YEMOUWMTXZY¹«,SsQTQ,U^CEH X}©
FPR`kU»~£Hf]RSsi^SsQOQOHGQ2U^X"U^CRH\`dUWiWHSVF_QOMOYRHG`  n\X X}©eiWXZ`d`WHG`À`dUWiWHSVF_QOMOYRHG`  ½XZiU©ÀXV b MTF(HGYE`WMOXZYSsQá«RMOY¥|4MO`WeM b «
MTYEeGXZF(]RidHG`W`dMT~EQTH X}©SsY b eGXsY¥UWMTY¥PRM¢Uc%F_SMsH`_UWCRHQTX4eSVQ»]RiWX b PRe.U_Xs b MT`kUuSsYReH;~£HU©ÀHGHY `kU^iWHGSsF(QTMOYRH`
SsY b |ZHGQOX4eGM¢Uc S§eGXsYR`dU^SsYyU  B-C¥PR`(U^CRH|ZHQTX4eGM¢U^MOHG` MTY S RX© ¡HGQ b eGSsY ~£H	XZPRY b ~¥c b MO®tHGidHGYReMSVUWMTYE
`dUWiWHSVF(PEYReUWMTXZY[©MOUWC;idHG`d]tHeU\U^X+U^CRH X}©¦¡HGQ b eXNXZi b MOYSVU^H`-cSsY b g 
, 
 ) ) #     
)
) 
) 
©CEHGiWH , MO`[UWCRH¿CRXsiWM"VGXZYyUuSVQ ° R b MOiWHeUWMTXZYµeXZF(]tXZYEHGYyU Xs|ZHGQOX4eGM¢UcSVY b  MO`[UWCRH§|ZHGikU^MOeSsQ°#y
b MOiWHGe.U^MOXZY2µ"eGXZF(]£XZYRHGYyU  mYy|4MT`deGM b «³MTYEeGXZF(]RidHG`W`dMT~EQTH PEM b RX©vMO`eGSsQOQTH b QTMOYRHGSsi]£XsU^HYyU^MTSsQ X}©  B-CRH
ZX}|ZHiWYRMOYRKH¯4PRSVU^MOXZYR`¶XZi³QTMOYRHSViÀ]£XsU^HYyU^MTSsQ X}©SsiWH\eGXsYR`WHid|VSVU^MOXZYXV F_Ss`W`ÀSsY b U^CRH\iWH¯¥PRMTidHGF(HGYyU»UWCSVU
U^CRH X}©~tH"MOiWiWXVUuSVUWMTXZYRSsQ  É³XsidU^MOeGM¢Uc	FPR`dUf~tH VHGiWX(ZHYRHGiWSsQOQOcMOY[UWCRH X}©¡HQ b¹
) ,)  1
) 
) # 
 .

 ) ,) # 
) 
)  
 .
Û,Û ÌY,Z\[\][
# =   !+   
	 N)
B-CRHqeXZYR`WHid|VSVUWMTXZY	XVF_Ss`W`"°eGXZYyUWMTY¥PRM¢UcEµªHG¯¥PSVUWMTXZY	eGSsY~£HlidH.©idMOUdU^HY	MTY UWHGidF_`ªXs |ZHQTX4eGM¢Uc]£XsUWHGYyU^MTSsQ
, 
 )  )      

)  
) #
UWX]RidX b PReGHlSsYHSV`WMOQOc_`WXsQO|sH b `WHeGXZY b XZi b Hiª]SVidU^MTSsQ b M¢®¹HiWHGYyUWMSsQ£HG¯¥PSaU^MOXZY «NUWCRH  Ss]EQSseHlH¯4PRSVU^MOXZY 
 Q¢U^HiWYSVUWMO|sHGQ¢cZ«2U^CRH¤eXZY b M¢U^MOXZY[XsMTidiWXsU^SVU^MOXZYSVQ X}©eGSsY[~tH¤PR`dH b ©MOUWC[UWCRH"P «E||sHGQOXNeMOUceXZF(]tXsYRHGYyU^`
~tHMTYE	iWHG]EQSseH b ~yc[U^CRH+SV~tX}|ZHH.gN]RiWH`W`dMTXZYE`MOY `kU^iWHGSsF+PRYRe.U^MOXZY)Zi^S b MTHYyU  B-CRMO`q]RidX b PReGH`"S  Ss]RQTSseGH
HG¯¥PSVUWMTXsYMOYUWHGidF_`"XsÀ`dUWiWHGSsF+PRYReUWMTXsY  B-CRMO`XZikU^CRXsZXZYSsQ`WH.UXVÀH¯¥PSVU^MOXZYR`ZX}|ZHiWYR`"U^CEH+~tHCS|NMOXZPRi
XsMTYy|4MT`deGM b «£MTYReXZF(]RiWH`W`dMT~RQOH RX©"«2XsUWCRHGik©MT`dH/M¥YRX}©Y{Ss`-QTMOYRHGSsi]tXsUWHGYyU^MTSsQ X}© 
)   
)   1
)   
) #  
 .       )   )   1 )   ) #  
 . °kxEµ
B-CEMT`fMT`\U^CRHHG¯¥PSVUWMTXZY;U^CSVU\©MOQTQ~tH`WXZQ¢|ZH b MTY{S ZHXZF(HUWidc[`WCRX}©ÀH b MOY ½MO   %  XH©MOQTQPR`dHU©ÀX
b M¢®¹HiWHGYyUfF(HG`WCEHG`G«2©CRHiWH"F(XZiWH"]£XZMTYyUW`fSViWH"ZXZMOYR+U^X(~£HS bRb H b U^X+UWCRH"`WHGeXZY b F_H`WC 
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X¿HeSsY;`WHHU^CEMT`fF_H`WC MOY ½MT  4 =  mY[U^CRMO` b XsF SVMTY[U^CRHiWMOZCyUlH¯4PRSVU^MOXZY{XV³´¯4`  }xEMT`\`WXZQ¢|ZH b  X¿H
½MOZPRiWH 4 =,O È HGXsF_H.U^ikcXsUWCRHF_H`WC;PR`WH b U^X_eGXsF_]EPEU^H"U^CRHMOY¥UWHGid]tXZQTSVUWMTXZY  n\PRF~£HGi\XsYRX b HG` 0KIZz #E«
Y¥PRF~£HGi\XsHGQOHGF(HGYyU^`q %>=y 
eGXZF(]SViWHfUWCRHlidHG`dPRQOUW`»MOY	S`dMTF(MOQSsi¶©»Sc_U^CSaUªM¢Uª©ªSs` b XZYRHl~£HXsiWH  YRH.©YRXZiWFvPR`dH b UWXKeGXsF_]RSsiWH\U^CRH
`WXZQOPEUWMTXZY|ZHeUWXZiW`©MTQOQ,~tH b H¡YRH b Ss`\O
2 2 , 2 2  
    - ' 1  ,
   
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©CRHGidH  MO`¤U^CRHK|sHGe.U^XZi b MOF(HGYR`dMTXZY¿SsY b , 
   O B-CRH(idHG`WPEQOUW`XZifU^CRMO`"eSs`dH SViWH+`WCEX©YMTY½MO  4 z 
QªXsUWC)iWHG`dPRQ¢U^`¤SsidHK`WPE]tHiWMOF_]£XZ`dH b U^X`dCRX}© UWCRHGMOiq`dMTF(MOQSsidMOUc  ´¾|sSVQTPSaU^MOYRU^CRHYRXZiWF b H`WeiWMO~tH b SV~tX}|ZH
©ªHZH.U
2 2 , 2 2  
.  .  ( (
©CRHGidH {MT`¤U^CEH_|sHGeUWXZi`WXZQOPEU^MOXZY§XZiqU^CEH nfnfmqF(H.U^CRX b SVY b , MT`"U^CEH(|sHGe.U^XZi`WXZQOPEUWMTXZY§XZiqUWCRH ½´ 
SsY b 2 2 , 2 2  
 2 2 +2 2  
)( O
nozzle_tri1_ef.desc
nozzle_tri1_pn.desc
½MOZPRidH 4 z3O¶L4U^idHSsF QTMOYRHG`XZi»UWCRH¤YRX V\VGQOH]RidXZ~RQOHGF 
½XZi"SF(XZiWH b H.UuSsMOQTH b eXZF(]SsiWMO`WXsY SeGiWXs`W``WHGe.U^MOXZY¿ePEUCSs`F S b H_SsQTXsYR[UWCRH b XZF_SsMOY`dCRX}©Y MTY
½MO  Iyx 
B-CEH`WPE]R]tXsidU¤SViWHS Xs¾U^CEHeGMOiWePRF(eGMOiWeQTH`PE`WH b Xsi\UWCRHMOYyU^HGid]tXsQSVUWMTXsY XZY HGSseuC)]tXsMTYyUfMT`q`dCRX}©Y)MTY
½MO  IR  B-CRMO`\SsiWHGS b HG]£HGY b `fXZY	UWCRH¤iWH.¡YRHGF(HY¥UlXs,U^CRH"F(HG`dC[UWCRHGidHXZi\SKF(XZidHSVeGeGPEi^SVUWHidHG`dPRQOUW`\SsiWH
H.gN]£HGeUWH b ©CEHGiWH¤UWCRH"`WPR]R]£XZikUlSViWHS(MO`\`dF_SsQTQOHGi 
Û,Û ÌY,Z\[\][
%sx   !+   
	 N)
nozzle_tri2_pn.desc
nozzle_tri1_ef
-0.25 -0.125 0 0.125 0.25
-0.2
0.15
0.5
0.85
1.2
nozzle_tri1_pn
½MTZPEiWH"Iyx3O TªXZ]RSsiWMO`WXZYE`\MOY;S(F(M bRb QOH]£HGid]tHY b MOeGPRQTSsi\`WHeU^MOXZYR`\XsU^CRH b XsF SVMTY 
nozzle_tri1_pn.desc
½MTZPEiWH"IR O¶LNPE]R]tXsidUPR`dH b MOYU^CRHnln\mªF(X b HGQOMTYE Xs  Ss]RQTSseGMTSsY 
ÜNMÛÜß
 
	
 	"!#$ &%('*)!+,-!	.)/1023%  %N
 YRXsUWCRHGi-¡ZPEiWH¤MOY b MOeSVUWHG` b MO®tHGidHGYReHXsU^CEH"U©ÀX_`WXZQOPEU^MOXZYR`
 
 2 , +2
©CRHGidH MT`-UWCRH b MO®tHGidHGYReH~£HU©ÀHGHY{U^CEH`dXZQOPEU^MOXZYR`  B-CEMT`|VSsQTPEHMO`]RQOXsUWUWH b MTY[½MO  I¥ 
|U-V|,  min = 0,  max = 0.003033
½MOZPRiWH"I¥ O³²lMO®tHGidHGYReH~£HU©ÀHGHY{U^CEHSV]R]RiWXgNMOF SaU^MOXZY;~yc½´  SsY b U^CEHSV]R]RiWXgNMOF SaU^MOXZY;~yc[nfnfm 
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B-CRH"F(HG`WCPR`dH b MOYUWCRMO`-eSs`dH¤MT`-]RQOXsUdU^H b MOY[½MO  I 4  `»©ªH¤eGSsY`WHHs«SKidH¡YRHF(HGYyU©»Ss`F_S b HlXZY	U^CRH
SsiWHGSs`"eGQOXZ`WHi¤U^X	U^CRH(HY b `"Xs¶U^CRH(YRX V\VGQOH  mY§U^CRMO` b XZF_SsMOY «´¯  xE+©»Ss`"`dXZQO|sH b  XH(eGXZF(]SsidH+U^CRH
iWH`WPRQ¢U^`\PR`WMOYR(U^CRH"`WSsF(HYRXsiWF b H¡YRH b Ss~£X}|ZH 
2 2 , 2 2  
.  .   
©CRHGidH KMO`³U^CRH|ZHeU^Xsiª`WXsQTPEUWMTXsY XZiU^CEHlnfnfm¾F(HUWCRX b SsY b , MO`¶UWCRH\|sHGe.U^XZi¶`WXZQOPEUWMTXZY_XZi³U^CRHf½¾´ ¥ `
©ªH¤eGSsY`WHHs«SsY b SV`ª©ªH¤H@gN]tHeU^H b UWX+`WHHs«R~£XsU^C	`dXZQOPEU^MOXZYR`-ZH.U-eGQOXZ`dHGi»©CRHY[UWCRHqF(HG`dC;MO`»iWH.¡YRH b  mUMT`
Û,Û ÌY,Z\[\][
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	 N)
½MOZPRiWH)I 4 O È HGXZF(H.U^idc Xs"U^CRH)F(H`WC¨PR`WH b UWX eGXZF(]RPEUWH)U^CRH)MOYyU^HGid]tXsQSVUWMTXsY  QªXVU^C­U^CEH²fHGQTSsPRYSc
U^idMSsYEZPRQTSVU^MOXZY­SVY b UWCRH[É³XsiWXZYRXsM b MSssi^SsF SViWH[`WCRX}©Y  nfPEF~£HGi XV¤YRX b HG`$0+z = #E«ÀY4PEF~£HGi XV¤HGQOH.
F(HGYyU^`$0 4 %Zsx 
H.gN]£HGeUWH b U^CRSVU¤Ss`fU^CRHF_H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eGMOiWe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MTYyUWHGiW]£XZQTSVU^MOXZY{©M¢U^C§S_F(XZiWHKidH¡YEH b F(HG`dC
MT``dCRX}©Y{MOY{½MO  I# 
 QTSs`kU\¡RZPRiWH"`dCRX}©`\UWCRH b MO®tHGidHGYRe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©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H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U©ÀHGH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|VSsQTPEHMO`]RQOXsUWUWH b MTY[½MO  I % 
½XZi¤~£XsUWCeGSs`WH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U^CRMO` b MO®tHGidHGYReH_©M¢U^CiWH`W]£HGe.U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Y¥U
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F(XZiWH
SseGe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nozzle_tri2_ef.desc
nozzle_tri2_pn.desc
½MOZPRidHIsISO¶L4U^idHSsF QTMOYRHG`XZi»UWCRH¤YRX V\VGQOH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nozzle_tri2_pn.desc
nozzle_tri2_ef
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nozzle_tri2_ef.desc
nozzle_tri2_pn.desc
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|U-V|,  min = 0,  max = 0.001921
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 ¸UWHGi¤SsYRSsQOc VMTYRSsY b eXZF(]SsiWMOYR	Y¥PRF(HGidXZPR`qY¥PRF(HiWMOeSsQ¾idHG`dPRQOUW`¤MTY;©CRMTeuC  Ss]EQSseH+SsY b U^CRH+hXZMO`W`WXsY
HG¯¥PSVUWMTXsYR`»©ªHiWHq`dXZQ¢|ZH b MOY b M¢®¹HiWHGYyU b XZF_SsMTYE`G«E©ÀHqeSVY	`^Sc UWCRHlUWCRHqSs]E]RiWXgNMTF_SVUWMTXsY	F S b Hq~yc YRSVU^PRiWSsQ
YRHGMOZC¥~£XZiW`qXZil`WXZQ¢|4MTYR]SVidU^MTSsQ b MO®tHGidHGYyU^MTSsQ¾H¯¥PSVU^MOXZYR`¤eXZYy|ZHiWZH`"UWXU^CRHH.gESseU"`dXZQOPEU^MOXZY  B-CRH+XZi b HGi
XseGXZYy|sHGiWsHGYReHMO` M4YEX©Y	©M¢U^C[]RiWHeGMO`WMOXZY	XZiªUWCRH¤iWHeUuSVYRZPRQTSsiSsY b H¯4PEM¢`W]SseH b ZiWM b  ½XZiªUWCSVU-eGSs`WH
S `WHeGXZY b XZi b HGi+XVeGXZYy|ZHiWZHYReGH©ªSs`+]RiWX}|sH b  mY U^CRH	XVU^CRHiKeSs`dHG`+U^CEHiWH`WPRQ¢U^`(SsidHHGF(]RMOiWMOeSVQ±«¶~RPEU
U^CRH	F(H.U^CRX b XZQTQOX}©`+U^CRHUWiWHGY b XVfeQSV`W`WMOeSVQ½¾´  sPSsi^SVY¥UWHGHMTYRS `dHGeGXsY b Xsi b Hi(SseGePRi^Sse.c  L4X)MOU
MT`H.gN]£HGe.U^H b U^CSaU¤U^CRH(`WXsQTPEUWMTXsY Ss]R]EQOc4MOYR[UWCRH(YSVUWPRi^SsQYRHGMOZC¥~tXsiMOYyU^HGid]tXsQSVUWMTXsYCRSs`¤U^CRH(`^SVF_H_XZi b HGi
Xs¶eGXZYy|sHGiWsHGYReH  B-CRH+F(H.U^CRX b S b Ss]NU^HG`q|sHGikc)HSs`dMTQ¢c{UWXU^CRHeuCSsYRZH+MOY§ZHGXsF_H.U^ikc)SsY b SVQT`dXU^X	F(HG`dC
iWH.¡YRHGF(HY¥U  `©ªSs`¾F(HY¥UWMTXsYRH b MOYKU^CRHÀMTYyUWiWX b PReUWMTXsY «sU^CEHGiWHªMT`¾YEXlZHXZF(HU^idMTeªiWHG`kU^idMTe.U^MOXZYK©MOUWC+iWH`W]£HGeU
U^X+U^CEH¤`WCSs]£H"Xs,U^CRH b XsF SVMTY  ½PRikU^CRHi-H.gESsF(]RQOHG`\`WCRXsPRQ b ~£H b XZYRH¤MOYF_XsiWH"eGXZF(]RQOMOeSVUWH b ZHGXZF(H.U^iWMOHG`
U^X_HG`kUuSs~RQOMO`WC;UWCRMO`  ´¾|ZHGYyUWPSsQOQOc;S 4 ²ZHGXZF(H.U^idc ©ªXZPEQ b YRXsU\iWH]RiWH`WHY¥UlS(F SjkXZi-eGXZF(]RQOMOeSVUWMTXZY 
B-CEH-nln\mF_H.U^CRX b CSV`¾]RiWX}|sH b U^XlCS|ZH-Sf|sHGikcZX4X b H _eMTHYReceGXZF(]SsidH b UWXlU^CRHÀF(XZiWH¶U^i^S b MOUWMTXsYSsQ
F(HU^CEX b `À©MOUWCSsYHSV`dc MTF(]RQOHGF(HGYyU^SVU^MOXZY  mU»`kU^MOQTQtCSs`¶U^X~£Hq]RidX}|ZH b MOYF(XZidHqeGXZF(]RQOMOeSVUWH b ]RidXZ~RQOHGF(` 
B-CRH]tHiW`W]£HGe.U^M¢|ZH`lU^CSaUfM¢U\]RiWH`WHY¥UW`G«tSs`\SsY;SsQOUWHGidYSVU^M¢|ZH"U^X(U^CEHUWi^S b M¢U^MOXZYSVQ F(HU^CEX b `«2MT`\ZX4X b SsY b Ss`
SKF(HG`WC4QOHG`W`F(HUWCRX b «EU^CEH¤i^SsYRsHqXs,]RidXZ~RQOHGF(`-U^CSVU»MOU-eXZPRQ b `WXZQ¢|ZH"MO`ª©M b H  ½PEU^PEiWH¤Ss]E]RQTMOeSaU^MOXZYR`»©MOQTQ
ZM¢|ZHS(F(XZidH"]RiWHeGMO`WHM b HGS_XVUWCRH"]tXsUWHGYyU^MTSsQXsU^CEHnfnfmªSs]R]RidX}gNMOF_SVU^MOXZY 
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